being able to aestivate in adverse conditions, returning to and recolonizing the site when the environment becomes favorable (PIERI & JUBERG 1981) .
To combat these animals, molluscicides of plant origin become important tools because they represent an effective and low-cost way of doing so. Furthermore, these molluscicides have a smaller impact on the environment (FERREIRA et al. 2009 ). Thymol (= 5-metil-2-isopropil-1-fenol) is a monoterpenoid obtained from the essential oil of Laminacea species, such as Monarda punctata L. (mint), Thymus vulgaris L. (thyme) and Thymus persicus L. It is found in products used to combat oral cavity microorganisms, acting as bactericide and fungicide, also having anti-inflammatory properties (BUDAVARI 1989 , WICHT et al. 2004 , SALGUEIRO et al. 2003 , OKAZAKI et al. 2002 . Thymol obtained from the essential oil of Lippia graveolens (Kunth) (Verbenaceae) was also tested as a molluscicide against Biomphalaria spp. (BEZERRA et al. 1981) . SINGH & SINGH (1997) verified the molluscicidal activity of this substance on Lymnaea acuminata by using fruits of Trachyspermum ammi L. (Apiaceae). However, there are few studies evaluating the molluscicidal and ovicidal activity of this substance on terrestrial molluscs (FERREIRA et al. 2009 ).
The aim of this work was to evaluate the influence of thymol+DMSO on the development of eggs, survival, growth and reproduction of 10-day and 30-day-old B. similaris snails during 120 days.
MATERIAL AND METHODS

Rearing of the snails and preparation for tests
Laboratory colonies were established from specimens collected in the municipality of Juiz de Fora, Minas Gerais (21°45'50"S, 43°21'0"W) (678 m altitude). The tropical weather typical of this locality is characterized by two well-defined seasons: a dry winter with relatively low temperatures, which extends from May to September and a rainy summer with higher temperatures, from October to April. The average annual temperature is 19.3°C (15-24°C) and the annual rainfall is 1627 mm. Newly hatched snails of the same age, obtained from these colonies, were used to establish a second colony, which served as the source for all the eggs and individuals used in this work.
The snails were kept in polythene boxes. Each box was lined with previously sterilized (120ºC/1 h) humus and covered with cotton fabric. These terraria were moistened with water every three days, when the snail food was also renewed. The snails were fed ad libitum with commercial poultry food (composed of a mixture of corn meal, soy meal, wheat bran, gluten bran, chicken flesh and bone meal, fish meal, calcium phosphate, and sodium chloride) supplemented with minerals, vitamins and calcium carbonate (BESSA & ARAÚJO 1995) . The snails were kept at room temperature and under natural light conditions. The minimum and maximum temperature (19-23,5°C ) and the relative humidity (72%) were recorded daily with a thermometer and a thermohygrometer (Incoterm â ). A total of 160 eggs, 160 10-day-old juveniles and 160 30-day-old juveniles were used in the experiments. The snails of the two age groups were distributed at random, in groups of 10 individuals per terrarium (polythene boxes, 12 cm wide x 9 cm long). The eggs were placed in 9 cm wide x 6.2 cm long terraria.
Forty eggs, forty 10-day-old juveniles and forty 30-dayold juveniles were assigned to test with thymol+DMSO solutions at 2.5 g/L. The same amount of eggs and juveniles of the two age groups was assigned to tests with thymol+DMSO solutions at 5 g/L, as well as to the DMSO-control group (drinking water+DMSO) and the water-control group (drinking water).
To obtain the thymol-DMSO solutions used in the tests, we used drinking water heated to 60ºC and added dimethyl sulfoxide P.A. (ISOFARâ) (DMSO) at 1%, which acted as an emulsifier in order to dilute the thymol (ISOFAR â ) which is insoluble in water.
Experiment I: Assessing the influence of thymol+ DMSO on the hatching of juvenile hatchlings from treated eggs
Eggs, in groups of 10, were placed inside 5 cm diameter and 4 cm deep plastic boxes, in contact with 5 ml of the thymol+DMSO solutions, at 2.5 g/L or 5 g/L, for 10 minutes (FERREIRA et al. 2009 ). Eggs of the DMSO-control group were placed in contact with 1% DMSO drinking water and the water-control group with only drinking water. After each 10 minute period, the eggs were removed from the solutions, returned to their respective terrarium, and observed daily to evaluate hatching success and hatchling survival.
Experiment II: The influence of thymol+DMSO on survival, growth and reproduction of 10-day and 30-day-old juveniles
Juveniles were first left fasting for 24 hours. After this period, they were distributed with the aid of a brush, in groups of 10, in 5 cm diameter and 4 cm deep plastic containers, staying in contact with 5 ml, of either 2.5 g/L or 5 g/L, thymol+DMSO solutions, for 10 minutes. The DMSO-control group received 1% DMSO drinking water and the water-control group only received drinking water. After this period, the juveniles were removed from the solution and returned to their respective terrarium.
The survival, growth and reproduction of the individuals from the treatment and control groups were verified during 120 days. The growth of the snails was evaluated through biweekly measurements of shell diameter until their 120 th day of life. Shell measurements were made using a Kanon calliper to a 0.1 mm precision, at 15-day intervals. Survival and reproduction was verified every three days. For the statistical analysis of the data, we used the analysis of variance test (one way ANOVA), with a confidence interval of 95%, the Tukey-Kramer test and the Student's t-test.
RESULTS AND DISCUSSION
Experiment I: Assessing the influence of thymol+ DMSO on the hatching of juveniles from treated eggs
Thymol+DMSO acted as an ovicide causing a 100% mortality of the treated eggs. The results showed that no hatching occurred from eggs treated at either 2.5 g/L or 5 g/L, whereas the mean hatching success was 20% in the DMSO-control group, and 82% in the water-control group. There was a significant difference (p = 0.001) between the mean hatching success of the groups treated with thymol+DMSO at the two concentrations and the two control groups.
These results show that thymol+DMSO, at these concentrations, can act as a potent ovicide. As seen, ovicidal activity of thymol+DMSO upon the eggs of B. similaris may represent an efficient way of controlling these snails, since this species performs many egg-laying events, becoming an agricultural pest. An efficient treatment also depends on the elimination of eggs, since their permanence may allow a new colonization. SOUZA et al. (1984) tested the molluscicidal activity of 159 extracts from 84 Brazilian plants and verified that only 11.2% of the extracts were active against the egg masses of Biomphalaria glabrata, Say 1818. Those authors considered as active the extracts that killed from 50% to 100% of the embryos. SOUZA et al. (1987) also verified that the concentration of the butyl extract of Phytolacca dodecandra L., necessary to reach the LC 90 on the egg masses was 22 times greater than the LC 90 for adult snails, most probably because the eggs have a shell that may be acting as a protective barrier, preventing the action of the molluscicides. This difficulty in eliminating the egg masses was confirmed by PEREIRA & SOUZA (1974) , who verified that the egg masses of B. glabrata were between 10 to 20 times more resistant to the hexane extract of cashew shells. FERREIRA et al. (2009) verified moluscicidal activity of the thymol against eggs of the land snail Subulina octona. However, the observed mortality was not 100%, probably because the eggs of that species have a calcified shell, which prevents the penetration of the molluscicidal substance. SIMON et al. (1995) verified the ovicidal activity of extracts from seeds of Milletia thonningii (Leguminosae) on egg masses of B. glabrata. The tests were performed with solutions at concentrations of 80, 20 and 5 mg/L. The results showed that the extract of this plant interrupted the embryonic development of the eggs, causing the embryos' death. AHMED & HABIB (2003) verified that the oil extracted from the Comiphora molmol plant at 80 mg/L acted as an ovicide on the egg masses in initial stage of development, whereas the eggs with a more advanced embryonic development were less susceptible.
The low hatching success of the DMSO-control group suggests that this substance also has an ovicidal effect against the eggs of B. similaris, potentially enhancing the efficacy of thymol alone. DMSO has a synergistic activity with thymol, as it probably helps with egg penetration. Besides, the use of DMSO and thymol together is considered to be a safe ovicidal, because DMSO is only toxic in high concentrations.
Experiment II: The influence of thymol+DMSO on the survival, growth and reproduction of 10 and 30-day-old juveniles 10-day-old juveniles treated with thymol+DMSO Thymol in combination with DMSO worked as a molluscicide on 10-day-old juveniles, causing 90 and 100% mortality at 2.5 and at 5 g/L, respectively. This shows its potential for acting against juvenile snails, whose susceptibility is different from that of adults and egg masses. There was a significant difference (p < 0.0001) between the mean survival of the individuals treated with thymol+DMSO at the two concentrations with their respective control groups, during the first 72 hours post-treatment. There was also a significant difference between the mean survival of snails of the two groups treated with thymol+DMSO at 2.5 g/L and 5g/L, respectively, and also between the mean survival of snails from the DMSO-control group and from the water-control group (Tab. I). No deaths were verified after 72 hours during the entire experiment, which lasted 120 days. No escape behavior was observed in response to the treatment with thymol+DMSO at the two concentrations. This indicates that thymol+DMSO is not a repellent for this species at these concentrations. The repellency to a product might make the molluscicidal activity difficult, favoring the survival of the snails. According to REY (1973) , the "irritative action" of a substance causes the snails to leave the application area.
The use of less toxic substances for the control of these animals represents a minor aggression not only to the environment but also to humans, since these snails feed mainly on vegetables, besides also feeding on ornamental plants. Hence, the use of toxic substances might contaminate products destined for human consumption, with unpredictable consequences, since there is metaldehyde in the base of compounds commonly used to combat snails. Metaldehyde is very toxic to humans, causing severe intestinal irritation and damage to the liver and kidneys, and its use has even been prohibited in some countries (HOLLINGSWORTH et al. 2002) .
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Thymol+DMSO did not influence the growth of the treated juveniles at 10 days post-hatching. There was no significant difference (p = 0.36) between the mean of treatment and control groups.
There was no significant difference with respect to attainment of sexual maturity, which happened on the 105 th day post-hatching. The snails treated with thymol+DMSO at 2.5 g/ L laid eggs only once, confirmed after the presence of 9 hatchlings (11.25% hatching success) was observed in the terrarium, whereas among the DMSO-control group the presence of 54 hatchlings (67.5% hatching success) was observed, and in the water-control group the number of hatchlings was 64 (80% hatching success).
30-day-old juveniles treated with thymol+DMSO
Thymol in combination with DMSO also worked as a molluscicide on the 30-day-old juveniles, causing a mortality of 95 and 87.5% in the groups treated with thymol+DMSO at 2.5 and 5 g/L, respectively. There was a significant difference (p < 0.0001) between the mean survival of the individuals treated with thymol+DMSO at 2.5 g/L and the ones treated at 5 g/L, as well as in comparison with the mean of the control groups during the first 72 hours. The difference between the mortalities of the groups treated with thymol+DMSO at 2.5 and 5 g/L was also significant (Tab. II).
vival during periods of drought has been pointed out as one of the major causes for the inefficacy of molluscicide treatments (PIERI & JUBERG 1981) .
LEAHY (1980) verified that B. similaris was greatly resistant to adverse conditions, with a minimum mortality rate being reached after 60 days without food or water, in a low humidity environment. Beside the behavioral adaptive value in regions with prolonged dry periods, its role on the survival of individuals exposed to molluscicides, even in permanent habitats, cannot be neglected (PIERI & JUBERG 1981) . Even a small capacity to take shelter in the substrate for short periods would be of a considerable value to snail survival after brief and sporadic applications of molluscicides.
Thymol in combination with DMSO did not interfere in the growth of the juveniles treated at 30 days of age (p = 0.47). During the 120 days of the experiment, only the snails of the water-control group laid eggs, with a hatching success of 73.7%.
SINGH & SINGH (2000) verified the effects on the reproduction of snails of different combinations of MGK-264 (N-acetyl bicyclohepatene dicarboxymide) and PB (Piperonyl Butoxide) plant extracts . The results showed that the treatment with thymol+DMSO at 20% and 60% of the LC 50 combined with PB or MGK-264 acted upon Lymmaea acuminata fecundity, inhibiting its reproduction. The effects of this combination are not mentioned in the literature. However, some studies report that some molluscicidal substances reduce oxygen capture, with ultimate effects on metabolism, resulting in low fecundity. Other works indicate the reduction of prostaglandin. According to SINGH & AGARWAL (1981) , prostaglandin increases the fecundity of L. acuminata species and restores fecundity in sterile snails.
Several studies have demonstrated that B. similaris, like many other species of land and freshwater snails, is physiologically adapted to survival over unfavorable transient environmental conditions. Moreover, this species seems to have a life history strategy characterized by a short life span and a maximal opportunistic reproductive effort during favorable transient periods. Such biological features may potentially lead to the inefficacy of control attempts and, simultaneously, make this species able to repopulate sites previously treated with biocides. For this reason, studies that aim at verifying the effect of molluscicides over the reproduction, growth and survival of molluscs are greatly required. The results of the present work show that thymol+ DMSO have molluscicidal, ovicidal and residual activity, affecting snail survival, reproduction and hatching success. These effects show the potential use of this substance for controlling terrestrial snails, and consequently, snail-borne diseases. For the field use of a molluscicide and the obtainment of an effective control of snail populations, physiological and behavioral strategies -such as aestivation, retraction of the cephalopodal mass into the shell and burying -must be evaluated. Since these behaviors guarantee the survival during unfavorable periods with high temperatures (ARAD 1993 , EMBERTON 1994 ) they may also favor survival to the molluscicides. PIERI & JUBERG (1981) point out that the survival ability in a quiescent physiological state, after retraction into the shell, is one of the main causes for the inefficacy of molluscicide application. The epiphragm formation on B. similaris, observed by D 'ÁVILA et al. (2004) , constitutes a potential mechanical barrier to the action of molluscicides, since it may prevent the penetration of the substance. Thus, the application of these substances must be associated with studies on physiological and behavioral patterns exhibited by the target species. Sur-
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